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My  research  during  the  past  year  has  been  primarily  concerned 
with  the  fundamental  mechanisms  of  3D  form  perception,  and  has 
been  specifically  motivated  by  recent  theoretical  advances  in 
neural  and  computational  modelling.  My  basic  strategy  has  been 
to  identify  the  key  assumptions  of  various  competing  models,  and 
to  empirically  examine  the  relative  psychological  validity  of 
these  assumptions  using  appropriate  psychophysical  procedures. 

Much  of  this  research  has  been  specifically  directed  at  the 
visual  perception  of  structure  from  motion.  During  the  past 
decade,  there  have  been  numerous  algorithms  proposed  in  the 
literature  for  computing  an  object’s  3D  form  from  a  sequence  of 
projected  images  taken  from  different  perspectives.  One  of  the 
primary  results  of  these  analyses  is  that  a  minimum  of  three 
distinct  images  in  an  apparent  motion  sequence  is  required  in 
order  to  obtain  an  unambiguous  interpretation  of  an  object's  3D 
form.  In  an  effort  to  test  the  psychological  validity  of  this 
conclusion,  I  have  performed  numerous  experiments,  using  a  wide 
variety  of  stimuli  and  response  tasks.  The  results  indicate  that 
different  aspects  of  an  object's  3D  form  are  judged  with  varying 
degrees  of  accuracy.  Of  primary  theoretical  importance, 
however,  is  that  none  of  these  tasks  are  significantly  influenced 
by  varying  the  number  of  distinct  images  in  an  apparent  motion 
sequence  if  other  factors  are  carefully  controlled.  I  am 
currently  developing  a  modified  computational  analysis  for 
approximating  various  aspects  of  3D  structure  that  I  believe  can 
account  for  all  of  my  psychophysical  findings. 

One  fundamental  issue  that  has  become  a  central  focus  of  my 
research  during  the  past  several  years  concerns  the  specific 
nature  of  an  observer's  knowledge  about  objects  depicted  in 
visual  images.  In  many  theoretical  analyses  of  3D  form 
perception,  it  is  often  taken  for  granted  that  an  object's 
structure  is  perceptually  represented  as  a  point-by-point  mapping 
of  metric  depth  or  orientation  relative  to  the  observer  (e.g., 
the  2  1/2D  sketch) .  My  results  have  not  always  been  supportive 
of  this  view.  When  observers  are  asked  to  make  judgments  that 
require  knowledge  of  metric  structure,  they  are  often 
surprisingly  inaccurate  and  unreliable,  whereas  performance  is 
often  significantly  improved  for  other  types  of  judgments 
involving  nonmetric  structure.  In  order  to  account  for  the  wide 
variation  of  performance  on  these  tasks,  I  have  adopted  a  working 
hypothesis  that  visual  knowledge  may  be  perceptually  represented 
at  several  different  levels  of  abstraction,  including  metric 
representations,  ordinal  representations,  and  nominal 
representations.  My  plan  for  the  coming  year  is  to  compare  and 
contrast  the  perceptual  analyses  of  these  different  levels  of 
structure  for  many  different  types  of  moving  displays  over  a  wide 
range  of  conditions,  and  to  discover  the  specific  sources  of 
optical  structure  from  which  they  are  determined. 
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I  am  also  beginning  to  investigate  the  lower  order  processes  of 
2D  motion  detection,  on  which  the  perception  of  3D  structure  from 
motion  must  ultimately  be  based.  I  am  particularly  interested  in 
the  temporal  integration  of  motion  signals  over  multiple  frames 
of  an  apparent  motion  sequence.  The  initial  results  of  this 
research,  which  were  reported  at  the  1989  meeting  of  the 
Psychonomic  Society,  have  indicated  that  temporal  integration  may 
occur  over  multiple  time  scales.  I  am  currently  attempting  to 
elaborate  these  findings  in  greater  detail,  and  to  develop  a 
neural  network  analysis  to  account  for  the  overall  pattern  of 
results. 
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